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Introduction
The concept that atherosclerosis is a chronic inflammation disease is well accepted [1] . Chronic inflammation in atherosclerosis is characterized by the entry of immune cells into the artery wall and subsequent production of pro-inflammatory cytokines, which contribute to the atherosclerotic plaque formation and progression [2] . Mounting evidence suggests a relationship between inflammation and the plaque destabilization [3] , which is a major cause of acute coronary syndrome including unstable angina and myocardial infarction. Interleukin (IL)-17 is a newly identified pro-inflammatory cytokine and play a critical role in many inflammatory diseases, such as rheumatoid arthritis (RA) [4] , inflammatory bowel diseases (IBD) [5] , viral myocarditis [6] , and myocardial ischemia/reperfusion injury [7] . The majority of IL-17 is secreted by T helper (Th) 17 cells [8] , a CD4+ T cells subtype distinct from Th1 and Th2 cells.
The IL-17 family is comprised of 6 members, including IL-17A, IL-17B, IL-17C, IL-17D, IL-17E and IL-17F [9] . IL-17A, commonly referred to as IL-17, has been shown to affect plaque stability in both animal and clinical experiments [10] [11] [12] . However, the way in which IL-17A may affect the plaque stability is not fully understood. Macrophages, as the most abundant immune cells in all stages of plaques [13] , undergoes activation in responses to a variety of pathogenic stimuli (eg, oxidized low-density lipoprotein and interferon-γ from T cells) and produce a pro-inflammatory cytokine response which in turn resulted in destabilization of atherosclerotic plaque. Hence, we postulated that IL-17A may act on macrophages to promote the plaque instability. In this study, we examined the effects of IL-17A on pro-inflammatory cytokines production in cultured macrophages and identified the intracellular signaling pathways mediating the effect of IL-17A.
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ELISA
Cells were stimulated with IL-17A (100ng/ml) for a period of time and the concentrations of IL-1β, IL-6, and tumor necrosis factor (TNF)-α in the supernatants were quantified using respective ELISA kits. In some experiments, cells were pretreated with inhibitors of ERK1/2 (U0126, 10 μM), p38 (SB203580, 10 μM), NF-κB inhibitor (TPCK, 10 μM) and AP-1 inhibitor (curcumin, 10 μM) for 30 minutes before the addition of IL-17A.
Small interfering iRNA (siRNA) transfection
Raw 264.7 cells were seeded in 12-well plates at 40% density the day before transfection, medium was exchanged to 800 μl Opti-MEM 4 h before transfection. For each well, 200 μl OptiMEM (Life Technologies, Grand Island, NY, USA) was mixed with 2 μl LipofectamineTM2000 (Invitrogen, Carlsbad, CA, USA) and 5ul siRNA which was designed and synthesized by Invitrogen according to the manufacturer's recommendations. The transfection mixture incubated at room temperature for 20 min, and then was added to cells. Six hours after transfection, the medium was replaced with fresh medium, and cells were stimulated with IL17A or LPS. Cells were harvested 48 h after transfection for analysis. The siRNA sequences were as follows: IL17RA: sense 5'-CCU ACG UUG UUU GCU ACU U-3' and antisense 5'-AAG UAG CAA ACA ACG UAG G-3'; the popular type control siRNA was purchased from RiboBio company (Guangzhou, China).
Western blot analysis
Total protein was extracted from RAW 264.7 cells when they were treated with IL-17A (100ng/ml) for a period of time. Protein sample were then subjected to SDS-PAGE and transferred to a nitrocellulose membrane. The membrane was detected using primary antibodies against phosphorylated ERK1/2, ERK1/2, phosphorylated p38, p38 and β-actin followed by respective horseradish peroxidase-conjugated secondary antibody. Subsequently, the specific bands were visualized using an enhanced chemiluminescence western blot system. Comparative analysis was performed by quantitative densitometry.
Electrophoretic gel mobility shift assays (EMSA)
Nuclear protein was extracted from RAW 264.7 cells when they were treated with IL-17A (100ng/ ml) for a period of time. EMSA was performed using the LightShift Chemiluminescent EMSA kit according to the manufacturer's instruction. Briefly, 15 μg nuclear extract was incubated with biotin labeled-probe or unlabeled probe in a final volume of 20 μl binding reaction containing 1× binding buffer and 1ug poly (dIdC). The probes sequences were as follows: NF-κB: 5'-biotin-AGT TGA GGG GAC TTT CCC AGC-3' and 5'-AGT TGA GGG GAC TTT CCC AGC-3'; AP-1: 5'-biotin-GTC TAG AGT GAC TCA GCG C-3' and 5'-GTC TAG AGT GAC TCA GCG C-3'. Samples were subjected to 6% native polyacrylamide gel in a 0.5×Tris borate-EDTA buffer at 100 V for 3 hrs and then transferred to nylon membrane in 0.5×Tris borate-EDTA buffer at 100 V for 1 hr. After UV crosslink, probed with streptavidin-conjugated HRP and incubated with substrates, the nylon membrane was exposed to X-ray film. Competition EMSA was performed. 
Results

IL-17 RA and RC are expressed in macrophages
With lymphocyte as the positive control, we found that both IL-17 RA and RC were expressed in the murine macrophages cell line RAW264.7 cells as detected by RT-PCR (Fig.  1) . The results were in according with other studies that showed IL-17RA and RC were expressed in receptor activator of NF-κB ligand (RANKL)-stimulated RAW264.7 cells and human peripheral blood monocytes [14, 15] .
IL-17A resulted in enhanced expression of TNF-α, IL-1β, and IL-6 genes in macrophages
We first tried to explore whether IL-17A induced the mRNA expression of inflammatory cytokines or chemokines in RAW 264.7 cells using RT-PCR. RAW267.4 cells were treated with IL-17A (100ng/ml) for a period of time. Enhanced expressions of TNF-α, IL-1β, and IL-6 were observed in response to IL-17A. In addition, the three cytokines had the same temporal pattern of expression. After the addition of IL-17A, the expression levels of TNF-α, IL-1β, and IL-6 were elevated as early as 0.5h and continued to rise, reached the maximum at 1.5h and gradually returned back to the baselines at 12h (Fig. 2) . In contrast, there were no changes in the expression of MCP-1, GM-CSF, MMP-2, IL-23p19, and IFN-γ (data not shown).
IL-17A resulted in increased production of TNF-α, IL-1β, and IL-6 in macrophages
Next, we investigated whether increased mRNA expression resulted in increased protein secretion. RAW 264.7 cells were stimulated with gradient concentration of IL-17A for 24h before collecting the supernatants and quantifying cytokines by ELISA. As expected, the production of these cytokines was significantly increased by IL-17A in a dose-dependent manner (Fig. 3A) . In addition, our data showed that the production of cytokines in RAW267.4 cells was elevated at 6h after the addition of IL-17A (100ng/ml) and continued to rise thereafter (Fig. 3B) .
IL-17A -induced pro-inflammatory cytokines production via IL-17RA signaling
IL17RA siRNA was used to confirm that IL-17A-induced pro-inflammatory cytokines production via IL-17RA signaling. Firstly, we estimated the effect of the siRNA (Fig. 4A) ; 4 . IL-17A-induced pro-inflammatory cytokines production via IL-17RA signaling. Cells were transiently transfected with IL17RA siRNA, or Control siRNA(A), the IL17RA mRNA expression levels were detected by real time PCR. The effects of siRNA on IL17A-induced cytokines production in RAW264.7 cells (B,C,D). Cells were pretreated with IL17RA siRNA and then stimulated with IL-17A (100ng/ ml). 48h later, the total RNA were extracted and the cytokines production of TNF-α, IL-1β and IL-6 were measured by real time PCR. **p<0.01 vs. medium; # # p<0.01 IL17A stimulated vs. IL17RA siRNA.
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IL-17A-induced cytokine production is inhibited by chemical inhibition of MAPK, NF-κB and AP-1
We then employed pharmacological signaling inhibitors to confirm the role of these signaling pathways in IL-17A induced cytokine production. The concentration of inhibitors used in our study was first proved to effective and selective inhibit relevant pathways (data not shown). All inhibitors had no effect on the basal levels of cytokine production, where they all partly attenuated IL-17A-induced TNF-α, IL-1β and IL-6 production (Fig. 6 ).
Discussion
Atherosclerosis is now recognized as an inflammatory disease. Atherosclerotic plaques contain a variety of blood-borne immune cells, including T lymphocytes, macrophages, dendritic cells, mast cells, a few B cells [16] . T lymphocytes and macrophages are two among many of them and are actively involved in atherogenesis. T cells infiltrating into atherosclerotic plaque are capable of secreting cytokines and chemokines that further activate cells within plaque in autocrine and/or paracrine manners in the whole pathogenesis of atherosclerosis, thus initiate and maintain the inflammatory milieu [17] . CD4 + T cells are the major T-cell lineage in atherosclerotic plaques in both Apoe -/-and Ldlr -/-mice and adoptive transfer of CD4 + T cells to immune-deficient scid/scid mice aggravates atherosclerosis [18, 19] . Upon activation, naïve CD4+ T cells differentiate into at least four CD4 + T subsets: T helper (h)1 cells, Th2 cells, regulatory T (Treg) cells and Th17 cells. Th1 cells aggravate atherosclerosis, whereas Th2 cells and Treg cells confer atheroprotection effect [20] . Recently, there are several lines of evidence that link IL-17A with the development of atherosclerosis. In human coronary plaque, IL-17A and IFN-γ were co-produced by resident T cells and played a synergistic effect in inducing pro-inflammatory cytokines and chemokines production by cultured human vascular smooth muscle cells [9] . In the animal model, ApoE -/-mice showed enhanced expression of Th17-related cytokines (IL-17 and IL-6) and transcriptional factor (ROR γt) as compared with age-matched C57BL/6J mice [21] . ApoE -/-IL18 -/-mice exhibited exacerbated plaque formation correlated with increased Th17 cells [22] . However, the precise role of Th17 and IL-17A in atherosclerosis remains to be elucidated. Although there is contradictory evidence of either a decrease [23] [24] [25] or no change [12, 26, 27] in plaque area with neutralization of IL-17A, it is now well-established that IL-17A may modulate plaque stability [10] [11] [12] . Our previous study has demonstrated an increase in serum level of IL-17 and circulating Th17 frequency in patients with acute coronary syndrome, suggesting that IL-17 might be associated with plaque stability [10] . More recently, direct evidence for IL-17 and plaque stability has come from the IL-17 -/-ApoE -/-mice which had reduced vascular inflammation and oxidative stress in comparison with ApoE -/-mice [12] . Macrophages, the immune cells bridging innate immunity and adaptive immunity, are abundant in all stages of atherosclerotic lesions [1] . Macrophages are however heterogeneous cells and when differently activated, they play a pro-atherogenic or an anti-atherogenic role in atherosclerosis [28] . Consistent with previously studies [29, 30] , we observed that IL-17A induced production of pro-atherogenic cytokines including TNF-α, IL-6 and IL-1β in macrophages, suggesting that it may enhance plaque instability by prompting a proinflammatory and pro-atherogenic macrophages phenotype.
We further investigated the possible signaling pathways involved in the cytokines response in IL-17A-treated macrophages. MAPKs including p38 and ERK1/2 have been regarded as an important signaling pathway in response to proinflammatory stimuli [31] . In this study, we showed that IL-17A can activate p38 and ERK1/2 in mouse macrophages. The role of the p38 and ERK1/2 in IL-17A-induced TNF-α, IL-6 and IL-1β secretion was also investigated by employing specific inhibitors. Addition of SB203580, the inhibitor of p38, blunted the three cytokines production induced by IL-17A, indicating that p38 activation was involved in the cytokine responses to IL-17A. U0126 is a specific inhibitor of MEK1/2 which is the kinase directly upstream to ERK1/2 [32] . U0126 caused a significant decrease in the IL-17 induced cytokines secretion. Thus we concluded that ERK1/2 also participates in the TNF-α, IL-6 and IL-1β secretion induced by IL-17A in mouse macrophage. In support of our data, Cortez et al found that IL-17 stimulates C-reactive protein expression via p38 and ERK1/2 in hepatocytes and coronary artery smooth muscle cells [33] , and p38 MAPK signaling and the implication of NF-kb and AP1 were also demonstrated in previous studies in the field of IL-17 biology [15, 34] . Many cytokine-inducible responses are mediated by DNA-binding proteins such as NF-κB and AP-1 [35, 36] . The promoter regions of the TNF-α, IL-6 and IL-1β genes have been shown to include putative NF-κB and AP-1 binding motifs [37] . We detected the activation of NF-κB and AP-1 following IL-17A stimulation in macrophages. Further, inhibition of NF-κB or AP-1 partly abolished IL-17A-induced TNF-α, IL-6 and IL-1β production. These data suggest that activation of transcription factors NF-κB and AP-1 may be involved in IL-17A-induced TNF-α, IL-6 and IL-1β production in macrophages.
In conclusion, the central discovery of our study is that IL-17A prompted a proinflammatory macrophages phenotype characterized by enhanced production of TNF-α, IL-1β, and IL-6. The effect of IL-17A on macrophages involved the activation of ERK1/2, p38, NF-κB and AP-1 signaling pathways. Further, signaling inhibitor experiments demonstrated differential roles for these pathways in the cytokine response of macrophages to IL-17A.
Abbreviations
IL-17 RA (interleukin-17 receptor A); IL-17 RC (interleukin-17 receptor C); TNF-α (tumor necrosis factor-α); IL-1β (interleukin-1β); IL-6 (interleukin 6); MCP-1 (monocyte chemotactic protein-1); GM-CSF (granulocyte-macrophage colony stimulating factor); MMP-2 (matrix metalloproteinase-2); IL-23p19 (interleukin-23p19); IFN-γ (interferon-γ); GAPDH (glyceraldehyde-3-phosphate dehydrogenase).
